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The implanted demand pacemaker offers considerable advantages compared to the fixedrate types in decreasing the risk of competition between the heart's own electrical activity and the pacemaker if the patient should return to sinus rhythm (Sowton, I967 (Greatbatch, Chardack, and Gage, I967).
The purpose of this paper is to detail a case of pacemaker malfunction caused by leakage current from a faulty electrocardiographic recorder, and to outline the measures which can be taken in order to prevent similar situations.
Case report
The patient, a 76-year-old man with a known history of progressive dyspnoea on exertion and frequent episodes with a feeling of dizziness and weakness during 6 years, was admitted to the Copenhagen University Hospital on 22 September i968, because of more frequent attacks during some days. As he had prolonged periods of atrioventricular block with a heart rate of less than 20 beats a minute during an observation period in the intensive care unit, temporary demand pacing was performed. On 3 October a permanent pacemaker (Medtronic) was implanted and complete effective pacing was achieved. The pacemaker was connected via a catheter in the right jugular vein to a bipolar electrode placed in the apex of the right ventricle. After the implantation the patient was under observation in the coronary care unit; he was connected to the central patient monitoring system by a praecordial bipolar lead (2 exploring electrodes and a reference electrode connected to the pre-amplifier ground).
Two days after implanting the permanent pacemaker the patient fainted when he was connected to an electrocardiographic recorder for the purpose of recording a 12-lead diagnostic electrocardiogram. He was immediately disconnected and recovered in a few minutes. Since the period of asystole (as observed on a copy of the continuously recording tape, Fig. I ) seemed to be associated with the wiring up of the patient to the recorder, a careful examination of the electrical set-up and of the sensitivity of the pacemaker to external electrical influences was carried out. The patient has been followed for a year after discharge and he has not reported similar episodes during this period.
Discussion
The wiring up of the patient to the electrocardiographic recorder (with power turned on) established the following current path: from the power supply outlet via the recorder through the patient and back to the power supply system ground via the central monitoring system (Fig. 2) . Under normal conditions this path will carry a current less than I0 microamperes (peak-to-peak), but in this case the current was about I30 microamperes (measured with an oscilloscope connected between the monitoring system and the recorder, with the 6 praecordial and R, N, F, and L leads connected together as a common terminal). This was sufficient to arrest the im- planted pacemaker, the threshold of inhibition later being measured to about 8o microamperes (same measuring set-up as above). The high current passing from the recorder to the patient monitoring system was due to insufficient grounding of the electrocardiographic recorder because the ground cable in the power plug was defective. This caused the leakage current of the power cable and the recorder to flow through the patient and the monitoring system, instead of returning via the ground cable. Normally the capacitance between the windings of the power transformer in the recorder is low because a grounded shield is interposed between the windings. When grounding failed, capacitance between primary and secondary windings increased, and capacitance between power wire and ground wire in the power cable was added to this, so that the recorder acted as a current source of several megohms internal impedance. In this way, current is 'forced' through the patient, even in the presence of relatively high electrode impedances.
As 
